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Abstract 
A primary mathematical model was applied to describe microbial growth both in isothermal and dynamic temperature profiles for 
different datasets found in the literature. The model consists in the assumption that specific growth rate follows a Gaussian 
distribution as a function of the time. The parameters included in the model are the duration of the lag phase, the maximum 
specific growth rate and the logarithmic inflection point. The values generated by the model were, mostly, compatible with those 
predicted by the Baranyi-Roberts growth model. Further studies are necessary in order to study the mathematical properties and 
implications of the equation. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Main Text 
1.1. Introduction 
Mathematical models have been used to explain natural phenomena long ago, and many problems have been, and 
many problems of different fields have been formulated mathematically. Some functions of these models include the 
need to explain phenomena and to make predictions. In addition, they are used to help decision making. In this 
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respect, predictive microbiology can be considered an emerging scientific discipline that can provide useful answers 
to important questions regarding microbial growth in food products and food safety. 
Although the early models can be traced back to 1920s1, it can be said that the field of predictive microbiology 
achieved a great development in the 1980s because computers and specific software facilitated the development of 
complex and more precise models2. The early models were mainly empirical and essentially consisted in any 
mathematical function that could fit a sigmoidal curve3,4. The next generation models searched a more mechanistic 
approach in order to provide insight into the underlying principles governing microbial growth5,6,7. Between these 
models, Baranyi and Roberts model has come to be the most used model mainly due to its ability of correctly 
predicting the lag phase of the microbial growth curve8. Nowadays, there are many models devoted to different 
specific applications such as growth/no growth models to define the limits for growth in specified food 
environments2,9, bacterial transfer models10 and stochastic models11. 
The main objective of this study is to provide an alternative model that can describe microbial growth both in 
isothermal and non-isothermal temperature regimes. This mathematical model is based on assumption that the 
specific growth rate is normally distributed as a function of time. This hypothesis relies on the central limit theorem 
that establishes that an effect caused by many variables with influences of similar magnitudes is normally 
distributed.  
 
Nomenclature 
λ duration of the lag phase 
σ standard deviation 
P(t) specific growth rate as a function of time  
Pm maximum specific growth rate 
erf error function 
exp exponential function 
N(t) microbial population as a function of time 
t time 
ta mean value of the time 
tLIP logarithmic inflection point of the abscissa in the growth curve 
y0 natural logarithm of the initial microbial population 
y(t) natural logarithm of the microbial population as a function of the time 
Zi(t) variable that affects the specific growth rate 
1.2. Derivation of the model 
Generically speaking the central limit theorem establishes that the sum of a large number of independent random 
variables each of which contributing to a small amount of the total is normally distributed12. If the temporal 
dependence of the specific growth rate is considered as being a vector that depends on many different variables as 
functions of the time, it will be given by Equation 113. 
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Therefore, if each element of the vector Zi(t) contributes similarly to the global value of the specific growth rate, 
then the following expression holds. 
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By using the classic definition of the duration of the lag phase14, and by considering that the maximum specific 
growth rate is denoted by Pm and that8 when ݐ ൌ ݐ௅ூ௉, ߤ ൌ ߤ௠, one obtains, after some algebra, the Equations 3, 4 
and 5. 
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The fundamental building block of any microbial growth model is given by Equation 615. After solving this 
equation, it can be shown that the result can be expressed as the mathematical model given by Equation 7. 
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1.3. Results and Discussion 
In the following discussion, all simulations and fitting process were performed by using Mathcad v. 14 (Mathsoft, 
Cambridge, MA). In order to evaluate the ability of Equation 7 to describe microbial growth curves, some 
simulations were performed with different combinations of the parameters. Figure 1a presents theoretical growth 
curves obtained for different values of Pm. During the calculations, all the other parameters were kept constant and 
equal, respectively to: λ = 8h, y0 = 2log(CFU/g) and tLIP = 15h. As can be seen, the model reproduces correctly the 
expected behavior of microbial growth, including the duration of the lag phase. Figure 1b shows the curve obtained 
after fit of the model to data of isothermal growth of Clostridium perfringens in cooked boneless ham at 30ºC 
obtained from the literature16.  
The Baranyi-Roberts growth model5,6, which is widely adopted in the field of predictive microbiology, was fitted 
to the same data. The results obtained for the maximum specific growth rate and the duration of the lag phase for 
both models were the following: Baranyi-Roberts - 136.1  hmP  e h00.5 O , New model - 138.1  hmP  e 
h76.4 O . Other datasets including data for Clostridium perfringens growth at 30ºC, 35ºC and 45ºC16,17 were 
studied (not shown) and for all datasets considered, the duration of the lag phase obtained for the new model was 
underestimated in relation to the results obtained for the Baranyi-Roberts growth model. 
In addition to isothermal data, the original model was adapted for non-isothermal temperature profiles. In this 
case, the square-root equation for the maximum specific growth rate was employed as secondary model18 and the 
resulting equation was numerically integrated6. In general, the statistical indexes (accuracy factor and bias factor) 
provided similar results for both models in isothermal and non-isothermal temperature profiles. 
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Fig. 1. (a) Theoretical growth curves predicted by Equation 7. The values of Pm used for each curve were: (A) 0.02 h-1, (B) 0.04 h-1, (c) 0.08 h-1, 
(D) 0.12 h-1, (E) 0.16 h-1, (F) 0.20 h-1; (b) Curve obtained after fit of Equation 7 to experimental data from literature. 
1.4. Results and Discussion 
In this study a new model was proposed to describe microbial growth. The equation successfully predicts a lag 
phase and provided good fits to isothermal and non-isothermal data. The duration of the lag phase was 
underestimated in relation to the Baranyi-Roberts growth model. Further studies are necessary in order to evaluate 
the mathematical properties and implications of the model. 
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